These authors contributed equally to this work Introduction: MIR22HG has a reported involvement in the tumorigenesis of a variety of cancers, including hepatocellular carcinoma (HCC). However, the exact molecular mechanism of MIR22HG in HCC has not been clarified. Methods: In the present study, we integrated data from in-house RT-qPCR, RNA-sequencing, microarray, and literature studies to conduct a comprehensive evaluation of the clinicopathological and prognostic significance of MIR22HG in an extremely large group of HCC samples. We also explored the potential mechanism of MIR22HG in HCC by analyzing the alteration profiles of MIR22HG in HCC to predict transcription factors (TFs) that may interact with MIR22HG and to annotate the biological functions of genes co-expressed with MIR22HG. MIR22HG expression was also compared in HCC nude mice xenografts before and after a treatment with nitidine chloride. Results: We found that MIR22HG was downregulated in HCC and that this downregulation correlated with the malignant phenotype of HCC. Comprehensive analysis of the prognostic impact of MIR22HG in HCC revealed a beneficial effect of MIR22HG on the survival outcome of HCC patients. Seven cases of MIR22HG deep deletion occurred in 360 of the cancer genome atlas (TCGA) provisional HCC samples. A total of 22 MIR22HG-TF-mRNA triplets in HCC were predicted by the lncRNAmap. Co-expressed genes of MIR22HG, identified by weighted correlation network analysis (WGCNA), mainly participated in the pathways involving osteoclast differentiation, chemokine signaling pathways, and hematopoietic cell lineage. In vivo experiments demonstrated that nitidine chloride could stimulate MIR22HG expression in HCC xenografts. Conclusion: In summary, MIR22HG may play a tumor-suppressive role in HCC by coordinating with predicted TFs and co-expressed genes, such as NLRP3, CSF1R, SIGLEC10, and ZEB2, or by being controlled by nitidine chloride.
Introduction
Liver cancer ranks sixth in cancer incidence worldwide and second in tumor-related mortality worldwide, with more than half of the new cases and deaths now being reported in China. 1 Hepatocellular carcinoma (HCC) is the predominant type of liver cancer and accounts for approximately 80% of liver cancer. 2 In the past decade, the incidence and mortality of HCC has shown an upward trend in both males and females. 3 Current treatment options for HCC patients include surgical resection, local ablation, and chemotherapy, and these have achieved certain therapeutic effects. However, these treatment options also cause side effects, such as high recurrence rates after surgical resection and local ablation 4 and resistance to drugs, including sorafenib and regorafenib. [5] [6] [7] Therefore, identification of effective biomarkers and therapeutic strategies is imperative for improving the survival condition of HCC patients.
The rapid development of second-generation sequencing technology has raised awareness of epigenetic causes of human cancers. In particular, non-coding RNAs, such as long-chain non-coding RNAs (lncRNAs) have received wide attention. The lncRNAs are transcripts that are more than 200 nucleotides in length but cannot be translated into proteins. 8 These non-coding RNAs play important roles in diverse human cancers and affect tumor biology activities including ranging from cell proliferation and cell to apoptosis. [9] [10] [11] One lncRNA, MIR22HG, has a reported involvement in the tumorigenesis of a variety of cancers. For example, silencing of MIR22HG triggered apoptosis in lung cancer cells, while upregulation of MIR22HG inhibited the proliferation of endometrial cancer cells. 12, 13 Studies have shown that overexpression of MIR22HG could significantly suppress the malignant progression of HCC, while indicating good survival outcome of HCC patients, [14] [15] [16] suggesting promising prospects for the application of MIR22HG in HCC treatment. Nevertheless, these studies had shortcomings, including the use of only limited numbers of HCC specimens for examining the expression level of MIR22HG in HCC and non-cancer tissues and the lack of sufficient diversity in the methods used to evaluate the expression of MIR22HG in HCC and non-cancer tissues. For these reasons, the exact molecular mechanism of MIR22HG in HCC has not yet been clarified.
In the present study, we performed a multidimensional assessment of the clinical significance of MIR22HG in an extremely large group of HCC samples by integrating data from in-house quantitative reverse transcription-polymerase chain reactions (qRT-PCR), RNA-sequencing, microarrays, and literature studies. Comprehensive indexes calculated from the present study, which included the standardized mean difference (SMD) and summarized receiver operating characteristic (SROC) curves, offered a relatively impartial evaluation of the differential expression of MIR22HG in HCC and non-cancer tissues. We also endeavored to uncover the molecular mechanism of MIR22HG in HCC by investigating the alterations in the profiles of MIR22HG in HCC, the transcription factors (TF) interacting with MIR22HG, the biological functions of the co-expressed genes of MIR22HG, and how nitidine chloride influences MIR22HG expression in HCC.
Materials And Methods

Clinico-Pathological Significance Of MIR22HG In HCC
In-House qRT-PCR HCC and paired non-cancer tissues were collected from March 2018 to March 2019 from 101 HCC patients, aged between 35 and 68 years (12 male and 8 female), who were treated at the First Affiliated Hospital of Guangxi Medical University (Nanning, China). The samples were fixed in 10% buffered formalin for 16 h and then paraffin embedded. All enrolled patients signed informed consent forms, and the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University approved the study. 
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The process of qRT-PCR has been described in detail in previous studies. [17] [18] [19] GAPDH served as the reference gene for MIR22HG. Information about the primers for MIR22HG and GAPDH is listed in Table 1 . 18 Basic information, as well as expression data and data used to plot SROC curves, were extracted from the included studies according to methods described previously. 21 Forest plots of SMDs with the 95% confidence interval (CI) were produced for in-house RT-qPCR data, mRNA-seq, and microarrays, as described previously. 21 (GSE76427 and E-MTAB-36), and all the included literature studies were merged using the meta package of R software v.3.5.2.
Potential Molecular Mechanism Of MIR22HG In HCC Gene Alteration Of MIR22HG In HCC Tissue From cBioPortal
The cBioPortal database (http://www.cbioportal.org) was mined for mutation profiles of MIR22HG in HCC. 22 The alteration status of MIR22HG in 440 TCGA provisional HCC samples was queried from the OncoPrint module of cBioPortal.
Predicting MIR22HG-TF-mRNA Triplets In HCC
The interaction between TFs and lncRNAs contributed partly to the driving mechanism of HCC; therefore, we hypothesized that TFs might be involved in MIR22HGrelated tumorigenesis of HCC. TFs that potentially could bind to MIR22HG were predicted through lncRNAMap. Correlation between the log2 (x+0.001) transformed transcripts per million (TPM) expression of MIR22HG and the predicted TFs in TCGA-HCC cohorts was assessed by Pearson correlation analysis in Graphpad Prism v.8.0.
Co-Expression Analysis Of MIR22HG
We first calculated the differentially expressed genes (DEGs) based on the count data of 374 HCC and 50 adjacent normal samples from TCGA, which was performed using the limma voom package of R software v.3.5.2. 23 Genes with a log2 fold change value >1 or <1 and an adjusted P value <0.01 were defined as DEGs. We integrated the log2 (x+0.001) TPM expression value of DEGs and MIR22HG in 374 TCGA-HCC samples into an input matrix for subsequent co-expression analysis.
Weighted correlation network analysis (WGCNA) was carried out utilizing the WGCNA package in R software v.3.5.2 for identification of genes that were co-expressed with MIR22HG. A co-expression network of MIR22HG
and co-expressed genes was constructed in Cytoskape v.3.7 according to the calculated weight value of more than 0.05. We then analyzed the biological functions, pathways, and disease enrichment of the co-expressed genes using the ClusterProfiler package in R software v.3.5.2. Terms with P value < 0.05 were considered statistically significant.
The Impact Of Nitidine Chloride On Expression Of MIR22HG In HCC
Our team is researching the anti-cancer effect and mechanism of traditional Chinese medicines. Specifically, considerable research data have been accumulated for nitidine chloride, and we have found an inhibitory effect of nitidine chloride on the growth of liver cancer cells. 24, 25 Taking into account the clinico-pathological action of MIR22HG in HCC, we hypothesized that it might be affected by traditional Chinese medicines such as nitidine chloride. Therefore, we performed in vivo experiments on nude mice to investigate the influence of nitidine chloride on . Each mouse was inoculated with SMMC7721 cells (1 × 10 7 cells/mL, 0.2mL in total) by subcutaneous injection into the right armpit. When the injected cells had produced a tumor of approximately 70 mm 3 in size, all mice were randomly assigned to either the negative control group for intraperitoneal injection with saline or the treatment group for injection with 7 mg/kg nitidine chloride. After 15 days, the mice were anesthetized, and the tumor tissues were excised and stored at −80°C.
Total RNA was extracted with TRIzol Regent (Invitrogen, USA). RNA purity was determined using the NanoPhotometer ® spectrophotometer (IMPLEN, CA, USA). RNA integrity was checked using the RNA Nano 6000 Assay Kit of the Agilent Bioanalyzer 2100 system (Agilent Technologies, CA, USA).
The mRNA sequencing libraries were established using the rRNA-depleted RNA and the NEB Next ® Ultra™ Directional RNA Library Prep Kit for Illumina ® (NEB, USA), following the manufacturer's recommendations. The library quality was checked using the Agilent Bioanalyzer 2100 system. After removing reads with adaptors, >5% unknown nucleotides, and low-quality bases, the qualified reads were mapped against human genome references (GRCh37/hg19). Differentially expressed lncRNAs were identified based on the count data of lncRNAs using DESeq2 package in R software v.3.3.2 (|log2FC|>1, P<0.01).
Statistical Analysis SPSS 22.0 was used for the statistical analyses of mRNAseq and RT-qPCR data. The expression data for MIR22HG are presented as M ± SD. The expression levels of MIR22HG in HCC and non-cancer tissues determined by RT-qPCR were evaluated by paired sample t-tests and MIR22HG expression levels in HCC and non-cancer tissues from mRNA-seq were evaluated by independent samples t-tests. The significance of differential MIR22HG expression between two groups with different clinicopathological parameters was examined by independent samples t-tests. ROC curves were plotted to assess the discriminatory value of MIR22HG for HCC. AUC values of 0.5-0.7, 0.7-0.9, and 0.9-1.0 indicated a poor, moderate, and high discriminatory capacity, respectively. The prognostic significance of MIR22HG for HCC was examined by dividing all patient samples from mRNA-seq or microarrays (GSE76427 and E-MTAB-36) into two groups according to the median expression level of MIR22HG. Kaplan-Meier survival curves were drawn to compare the survival condition of patients with high or low MIR22HG expression. A P-value of less than 0.05 was considered statistically significant. 
Results
Clinico-Pathological Significance Of MIR22HG In HCC Differential Expression Of MIR22HG In HCC And Non-Cancer Tissues
Statistical analysis of RT-qPCR data for 101 HCC and paired non-cancer tissues demonstrated a significant downregulation of MIR22HG in HCC tissues compared with non-cancer tissues (P<0.001) ( Table 2 , Figure 1 ). The expression of MIR22HG was also inversely correlated with metastasis and vascular invasion (P<0.001 and P = 0.015) (Table 2, Figure 2 ). MRNA-seq data for 374 HCC and 225 non-cancer samples also revealed the significant downregulation of MIR22HG in HCC (P<0.001) ( Table 3 ) ( Figure 1) . A difference was also detected in the MIR22HG expression in groups of TCGA-HCC patients with various grades. Patients with advanced grade HCC (III-IV) had significantly lower expression of MIR22HG when compared with patients with early grade HCC (I-II) ( Table 3 , Figure 2 ). The GEO and Arrayexpress searches retrieved a total of 34 GEO microarrays and three Arrayexpress Figure 3 MIR22HG expression in 20 of the included microarrays Violin plots display the differential expression levels of MIR22HG in non-cancer samples and HCC samples for 20 of the included microarrays (GSE60502, GSE46408, GSE45436, GSE45267, GSE25097, GSE14520-GPL571, GSE25599, GSE77314, GSE124535, GSE94660, GSE56545, GSE87592, GSE65485, GSE69164, GSE63863, GSE82177, GSE14520_GPL3921, E-MTAB-1503, E-TABM-36, and E-MTAB-950) (A-T). microarrays with sufficient expression data for MIR22HG in more than five HCC and non-cancer samples; these were considered eligible for the integrated calculation of SMD. The basic information and extracted data for all the included microarrays is summarized in Tables 4 and 5 . MIR22HG showed a clearly downregulated expression in most of the microarrays (P<0.05) (Figures 1 and 3) . A panel of ROC curves for the in-house RT-qPCR, mRNA-seq, and all included microarrays suggested a good ability of MIR22HG to distinguish HCC from non-cancer tissues (Figures 4  and 5) . The integrated SMD for the in-house RT-qPCR, mRNA-seq, and all included microarrays, which together covered an extremely large sample of 2636 HCC and 2072 non-cancer samples, corroborated the downregulated expression of MIR22HG in HCC (SMD = −0.97, 95% CI = −1.17-−0.77, I 2 = 88%, P<0.01) ( Figure 6 ). Subgroup analysis revealed that experiment type might be a potential source of heterogeneity because the microarrays in the subgroup of transcription profiling by array showed no heterogeneity (I 2 = 0%, P = 0.42) ( Figure 6B ). The sROC curves and forest plots of SEN, SPE, PLR, NLR, and DOR for inhouse RT-qPCR, mRNA-seq and all included microarrays confirmed the moderate capability of MIR22HG to differentiate HCC from non-cancer tissues (Figure 7) . The Prognostic Impact Of MIR22HG On HCC Kaplan-Meier survival curves were plotted for mRNA-seq data and two microarray studies (GSE76427 and E-MTAB-36) containing overall survival data for MIR22HG in HCC (Figure 8 ). Three literature studies that provided overall survival data of MIR22HG were enrolled for comprehensive analysis of the prognostic significance of MIR22HG for HCC. 15, 16, 26 Survival data extracted from the three included literature studies are listed in Table 6 . Pooled HRs incorporating overall survival data from mRNA-seq, two microarrays, and three literature studies implicated MIR22HG as a protective prognostic factor for HCC (HR = 0.75, 95% CI = 0.64-0.89, I 2 = 64%, P<0.01) ( Figure 9A ). Subgroup analysis and sensitivity analysis reported an unspecified cause of heterogeneity ( Figure 9B and C) . No significant publication bias was detected in the symmetrical funnel plot (P = 0.517) ( Figure 9D ).
Potential Molecular Mechanism Of MIR22HG In HCC Gene Alteration Of MIR22HG In HCC Tissue From cBioPortal
Alteration profiles in cBioPortal indicated the occurrence of 18 cases of gene alteration, including two cases of amplification, seven cases of deep deletion, and nine cases of high mRNA, in TCGA provisional HCC samples, accounting for 5% of all the profiled cases ( Figure 11A ). 
Predicting MIR22HG-Transcription Factor (TF)-mRNA Triplets In HCC
A total of 22 MIR22HG-TF-mRNA triplets were predicted by lncRNAmap ( Table 7) . Of the 22 TFs with potential relationships with MIR22HG, we found significant reverse correlation between MIR22HG and HNF4A expression (r = −0.097, P = 0.045) ( Figure 11B ).
Co-Expression Analysis Of MIR22HG
In total, 5942 DEGs were identified by limma voom analysis in TCGA-LIHC cohorts. The WGCNA for the expression matrix of these DEGs and MIR22HG showed co-expression of 59 genes with MIR22HG (weight value >0.05) ( Figure 12 ). Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis for co-expressed genes of MIR22HG disclosed their main enrichment in molecular functions that included protein tyrosine kinase activity, non-membrane spanning protein tyrosine kinase activity, and phosphotyrosine residue binding, as well as clustering in pathways that included osteoclast differentiation, chemokine signaling pathways, and hematopoietic cell lineage (P<0.05) ( Figures 13A-C and 14 ). The co-expressed genes were associated with several diseases, including human immunodeficiency virus infectious disease, gout, and primary immunodeficiency disease (P<0.05) ( Figure 13D ). 
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After the quality control of principal component analysis, two NC-treated and three control HCC xenograft tumor tissues were collected for detection of differentially expressed lncRNAs. The tumor volumes in the NC-treated group were significantly reduced compared with those of control group (p-value < 0.05). 27 Heatmaps for differentially expressed lncRNAs before and after the nitidine chloride treatment in HCC xenografts showed a significant upregulation of 23 lncRNAs and downregulation of 12 lncRNAs. In particular, MIR22HG was significantly upregulated in nitidine chloride-treated HCC xenograft tissues (log2FC = 1.373, P<0.001) ( Figure 10 ). 
Discussion
The novelties of this article are reflected in the following aspects. We integrated data from in-house RT-qPCR, RNA-sequencing, microarray, and literature studies to provide a comprehensive evaluation of the clinicopathological and prognostic significance of MIR22HG in an extremely large group of HCC samples. We explored the potential mechanism of MIR22HG in HCC by analyzing the alteration profiles of MIR22HG in HCC, by predicting TFs interacting with MIR22HG, and by annotating the biological functions of genes coexpressed with MIR22HG. We also compared the expression of MIR22HG in HCC nude mice xenografts before and after a treatment with nitidine chloride. When our study is compared with several previous studies that explored the role of MIR22HG in HCC using a single method, one of the highlights of our study is that we conducted a comprehensive appraisal of the clinical significance of MIR22HG in HCC using an extremely large number of samples (2636 HCC and 2072 non-cancer tissues) collected from in-house RT-qPCR, RNA-seq, microarrays, and literature studies. The huge size of our sample group strengthened the reliability of our results. We confirmed downregulation of MIR22HG in HCC, the correlation between MIR22HG expression and the malignant phenotype of HCC, and the beneficial prognostic influence of MIR22HG on HCC, in agreement with the reports by prior research groups. [14] [15] [16] These results implied that downregulation of MIR22HG results in a loss of its protective effect in HCC and subsequent malignant progression of the tumor, which is no longer restrained by MIR22HG. Consequently, HCC patients with low MIR22HG expression are predicted to show worse survival.
The finding that MIR22HG is downregulated in HCC then raises the question of the nature of the mechanism directing the MIR22HG effects on HCC. Previous studies revealed that MIR22HG could regulate the miR-10a-5p/NCOR2 axis, HMGB1, or HuR to participate in the oncogenesis of HCC. 14, 15 Our investigation of the molecular basis of MIR22HG in HCC also provided novel insights into the mechanism of MIR22HG in HCC. The finding of seven cases of deep deletion occurring in the TCGA provisional HCC samples from cBioPortal may explain the downregulation of MIR22HG at the transcriptional level. The predicted MIR22HG-TF-mRNA triplets in HCC hinted that a binding reaction between MIR22HG and TFs, such as CREBBP, POU2F2, ZZZ3, SIRT6, and EP300, might participate in the initiation and development of HCC. Co-expression analysis for MIR22HG implicated the MIR22HG-related gene interaction network in HCC. Several of the genes co-expressed with MIR22HG, including NLRP3, CSF1R, SIGLEC10, and ZEB2, were reported to play crucial roles in the initiation and progression of HCC. [28] [29] [30] [31] Functional analysis of the coexpressed genes suggested a significant enrichment in molecular functions that included protein tyrosine kinase activity, non-membrane spanning protein tyrosine kinase activity, and phosphotyrosine residue binding, as well as activation of pathways involving hematopoietic cell lineage, viral protein interaction with cytokines and cytokine receptors, and activity of the Rap1 signaling pathway. We noted that the Rap1 signaling pathway was closely associated with the growth, invasion, and apoptosis of HCC cells. Mo et al reported that EYA4 could attenuate the growth and invasion of HCC cells by repression of the NF-κB activity and RAP1 expression. 32 In vitro experiments by Zha et al showed that knockdown of Rap1 led to 5-fluorouracil-induced apoptosis in HepG2 cells. 33 We postulated that the coexpressed genes may coordinate with MIR22HG to influence molecular functions and pathways essential for the oncogenesis of HCC, thereby affecting the development of HCC.
Unlike studies that investigated the mechanism of MIR22HG in HCC by focusing on the interplay between MIR22HG and specific miRNAs or mRNAs, our study has uncovered a new mechanism for MIR22HG in HCC using traditional Chinese medicine as the breakthrough point. Nitidine chloride is a natural alkaloid compound with proven anti-tumor effects in multiple human cancers, including osteosarcoma, ovarian cancer, acute myeloid leukemia, and HCC. 25, [34] [35] [36] The impact of nitidine chloride on lncRNAs in cancer has never been studied previously, so we conducted in vivo experiments to test whether nitidine chloride treatment might influence the expression of MIR22HG in HCC. The results demonstrated that nitidine chloride could stimulate MIR22HG expression in HCC xenografts, thereby implying that nitidine chloride and MIR22HG might have synergistic effects in the inhibition of HCC tumor growth.
The present study had several limitations that should be pointed out. The effect of MIR22HG on the function of HCC cells should be validated by in vitro or in vivo experiments. Limited by experiment support, expression of lncRNAs was sequenced in only three control and two NC-treated groups, which should be conducted with larger sample size. The interactions between MIR22HG and the predicted TFs, the coexpressed genes, and nitidine chloride also require further experiments. Further work is warranted to address these limitations. 
Conclusion
In conclusion, we identified downregulation of MIR22HG and a protective effect of MIR22HG on the clinical progression and prognosis of HCC patients.
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